Development of a novel method to create double-strand break repair fingerprints using next-generation sequencing.
Efficient DNA double-strand break (DSB) repair is a critical determinant of cell survival in response to DNA damaging agents, and it plays a key role in the maintenance of genomic integrity. Homologous recombination (HR) and non-homologous end-joining (NHEJ) represent the two major pathways by which DSBs are repaired in mammalian cells. We now understand that HR and NHEJ repair are composed of multiple sub-pathways, some of which still remain poorly understood. As such, there is great interest in the development of novel assays to interrogate these key pathways, which could lead to the development of novel therapeutics, and a better understanding of how DSBs are repaired. Furthermore, assays which can measure repair specifically at endogenous chromosomal loci are of particular interest, because of an emerging understanding that chromatin interactions heavily influence DSB repair pathway choice. Here, we present the design and validation of a novel, next-generation sequencing-based approach to study DSB repair at chromosomal loci in cells. We demonstrate that NHEJ repair "fingerprints" can be identified using our assay, which are dependent on the status of key DSB repair proteins. In addition, we have validated that our system can be used to detect dynamic shifts in DSB repair activity in response to specific perturbations. This approach represents a unique alternative to many currently available DSB repair assays, which typical rely on the expression of reporter genes as an indirect read-out for repair. As such, we believe this tool will be useful for DNA repair researchers to study NHEJ repair in a high-throughput and sensitive manner, with the capacity to detect subtle changes in DSB repair patterns that was not possible previously.